Objectives: The influence of hormonal changes due to pregnancy has been well-studied in relation to colorectal cancer risk, but the association remains undefined. The purpose of this investigation was to examine the relationship between differences in gravidity and parity, and colorectal cancer risk, and whether the association varied by microsatellite instability (MSI), a feature more common in women, in a case-control study.
INTRODUCTION
It has been hypothesized that reproductive factors, including increasing numbers of live births, reduce the risk of colorectal cancer due to the hormonal changes of pregnancy. 1 However, from observational studies, a consistent association between parity and colorectal cancer has not been strongly evident. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Some studies have demonstrated a 20-40% reduction in colorectal cancer risk at 4-5 live births compared to nulliparous women, 2,4,6,10 whereas most epidemiologic studies have detected no association with increasing parity. 3, 5, [7] [8] [9] 11, 12, 15 When results are stratified by site, there has been no clear pattern in the association between parity and either colon or rectal cancer.
Only two studies have reported on the role of any pregnancy, including those that either resulted in live birth or ended in miscarriage, tubal pregnancy, or induced abortion. 2, 3 One study suggested an elevated colorectal cancer risk with increasing number of pregnancies, 3 whereas the second suggested a 16% decreased risk associated with five or more pregnancies. 2 A pregnancy lasting less than 6 months might also influence colorectal cancer risk through hormonal changes but would not contribute to the assessment of total parity. Thus, gravidity might be a more comprehensive evaluation of the role of both incomplete and complete pregnancies.
The purpose of this analysis was to evaluate the roles of gravidity and parity, separately, and together on colorectal cancer risk. We specifically addressed whether there were any differences in association between a full-term pregnancy and any pregnancy. Further, we examined the association between gravidity and parity by microsatellite instability (MSI) status, a phenotype that tends to be more common in women than in men.
MATERIALS AND METHODS
Eligible case subjects included all women aged 50-74 years, residing in 13 counties in After the cases were identified (usually within 4 months of diagnosis), physicians were contacted about their patients' eligibility for this study. If the physicians had no objection to participation, an introductory letter was mailed to the case subject and followed-up with a telephone call.
Community-based control women were randomly selected according to the age distribution (5-year age-intervals) of the eligible cases using lists of licensed drivers from the Washington State Department of Licensing for women aged 50-64 years, and rosters from the Health Care Financing Administration (currently the Centers for Medicare and Medicaid) for women 65 years and older.
A structured 60-minute telephone interview was used to obtain information from all study participants on possible reproductive risk factors for colorectal cancer. Questions included total number of pregnancies (i.e., miscarriages, stillbirths, tubal pregnancies and abortions); number of pregnancies lasting 6 months or more; number of pregnancies resulting in a live birth; and ages at first and last live birth. The interview also elicited use of exogenous hormones, menstrual history, smoking history, height and weight, endoscopy screening (including a colonoscopy and/or sigmoidoscopy), first-degree family history of cancer, and demographic factors. We interviewed 1014 cases (73% response) and 1064 control subjects (66% response). 
Pathology Materials
We were able to obtain the release of paraffin-embedded colorectal tumor tissue and diagnostic pathology reports for 90% of consenting cases (n=648 17 PCR fragments were tagged with a fluorescent dye and analyzed on an ABI3100 generic analyzer, using a previously described protocol. 18 For all of the cases, we corroborated the MSI results with immunohistochemistry testing for hMLH1, hMSH2, and hMSH6. In a round-robin reading by pathologists of MSI status in six laboratories, this approach and interpretation was highly reproducible. 19 
Definitions and Statistical Analysis
Gravidity was defined as the sum of all pregnancies, including all live births and pregnancies which terminated at less than 6 months or did not result in a live birth. Parity was defined as pregnancies that resulted in the delivery at 6 month or more gestation, either resulting in a live birth or a stillbirth.
To assess the relationship between differences in gravidity and parity, a categorical variable was created as follows: nulligravid, nulliparous, 0 (number of pregnancies equals the number of live births), 1 (woman had one more pregnancy than live birth), and 2+ (woman had two or more pregnancies than live births). Nulligravid and nulliparous were considered mutually exclusive categories.
Women who reported a colonoscopy and/or sigmoidoscopy which occurred at least two years prior to the diagnosis date for cases and the interview date for controls were considered to have been screened via endoscopy for colorectal cancer.
Tumors were classified as microsatellite stable-low (0 to <30 % of loci unstable), or MSIhigh (≥ 30 percent of loci unstable); unequivocal results for at least 5 markers were required in order to classify a tumor's MSI status. 17 Odds ratios (OR) and 95% confidence intervals (CI) for the association between reproductive risk factors and colorectal cancer incidence were estimated using logistic regression models, adjusting for age (in 5-year intervals), first-degree family history of colorectal cancer, body mass index (BMI, kg/m 2 ), education, endoscopy screening, oral contraceptive use, hormone therapy, smoking status, and alcohol consumption. Results are presented for colorectal cancer cases combined and also stratified by site within the bowel. The sum of the colon and rectal cancer do not equal the total colorectal cancer, due to cases missing site information (n=2) and cases with diagnostic code C19.9 (large bowel) which could not be further classified (n=73). Tests of trend were conducted by including the variable in the model as an ordinal variable. All statistical analyses were performed using SAS v8.2 (SAS Institute Inc, Cary, NC); all statistical significance tests were two-sided.
RESULTS
Cases were more likely than controls to have a high school degree or less, a first-degree family history of colorectal cancer, a higher BMI, to be current smokers, and to not use hormone therapy (Table 1) .
There were few strong associations between reproductive factors and colorectal cancer risk ( Table 2 ). Approximately 9% of cases and 7% of controls were nulligravid. Overall, there was a decreasing risk of colorectal cancer associated with gravidity. There was a statistically significant decreasing trend in risk of colon cancer associated with increasing gravidity;
however, there was an approximately 30-50% reduction in risk across all categories of numbers of pregnancies. The results by parity were attenuated and imprecise, but demonstrating a reduced risk across the categories of live birth (Table 2 ). There were suggestions of statistically dose-response relationships between increasing gravidity and parity and reduced risk of rectal cancer. Women who had an early first birth had a borderline statistically significant increase risk of colon cancer, but not rectal cancer. There were no associations between colorectal cancer risk and ages at menarche and last birth ( Table 2 ).
Compared to women who had an equal number of pregnancies to live births, women who were nulligravid and nulliparous had an approximately 40-60% elevated risk of colon cancer, but no increased risk of rectal cancer (Table 3) . Among women with one more pregnancy than live birth, there was a statistically significant 24% reduced risk of colon cancer;
there was no evidence of a reduced risk among women with 2 or more pregnancies than number of live births. For rectal cancer, there were no statistically significant associations with nulligravidity and nulliparity. Similar to colon cancer, there was a 25% reduction in risk associated with one more pregnancy than live birth, but this association was not statistically significant (Table 3 ). There was no statistical difference between the pattern of associations with colon cancer compared to rectal cancer (Wald p-value=0.7)
There was a non-significant increased risk of MSI-high colorectal cancer among women who were nulligravid or nulliparous, although the estimates were imprecise due to small numbers (Table 4 ). There were no associations between MSI-stable/MSI-low tumors by gravidity:parity.
DISCUSSION
Overall, we detected a reduction in risk of colon and rectal cancer independently associated with gravidity, which attenuated for parity. For rectal cancer, the observed decreased risk is not evident until either the second or subsequent pregnancy or live birth, although this relationship was not statistically significant. Compared to women with equivalent gravidity and parity, there was an increased risk of colon cancer but not rectal cancer associated with being nulligravid or nulliparous. There was a decreased risk of colon and rectal cancer associated with one more pregnancy than live birth.
The majority of studies investigating increasing parity in relation to colon cancer have detected no association. 3, 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] In our study, we demonstrated a step-function reduction in colon cancer risk with the first pregnancy. While the p-trend reported was statistically significant, when we excluded the baseline category, the p-trend was no longer statistically significant.
These results suggest that the hallmark of a first pregnancy or live birth might be sufficient to decrease colon cancer.
Most studies have shown no association between increasing parity and rectal cancer. [6] [7] [8] 10, 15, 20, 21 To our knowledge, no studies have reported the role of gravidity alone in relation to rectal cancer. We detected a decreasing trend in risk associated with increasing pregnancies, though not statistically significant, as well as a reduced risk of rectal cancer associated with a higher difference in gravidity to parity.
Changes in maternal hormones during pregnancy might lead to etiologic changes which affect colon and rectal cancer risk. Estradiol and estriol are produced by the placenta, and maternal levels continue to increase over the course of the pregnancy. 22 It is hypothesized that the role of estrogen might influence cellular proliferation, but it has also been shown to inhibit growth of the colon. For example, estrogen has been shown to reduce bile acids, decrease the growth enhancing of insulin-like growth factors (IGFs), and maintain the transcription and expression of estrogen and progesterone receptors. 23 Exogenous hormone therapy use, specifically estrogen plus progestin, is associated with a reduction in risk of both colon and rectal cancer. 24 Further, hormonal changes in prolactin levels are different between nulliparous and nulligravid women from parous women. Serum prolactin levels increase during pregnancy, but then decrease after birth even among breastfeeding mothers. 22 Parous women have been found to have low levels of prolactin following pregnancy, and the effect can last as long as 12-13 years after pregnancy. Conversely, nulliparous women have higher levels of prolactin. 25 Women with colorectal cancer tend to have higher levels of prolactin compared to similarly-aged controls, 26 and the tumor is not the likely source of the increased prolactin levels. 27 Therefore, the combination of maternal hormones as a result pregnancy is likely to alter the risk of colorectal cancer.
In addition to hormonal changes due to pregnancy, there are physical changes which also occur. Any pregnancy results in pelvic crowding due to increased uterine size. As a result of pregnancy, the uterus does not return to its prior size. The pressure of pelvic crowding might affect the rectum differently than the colon. Increased pressure on the rectum could lead to increased bowel movements, which might reduce rectal cancer risk. Frequent pelvic crowding due to pregnancy might explain the reduction in risk with rectal cancer.
There is emerging evidence that there are etiologic differences between proximal and distal colon cancer and rectal cancer. Colon and rectal tumors differ by their embryologic source and function, sex differences, and risk factors (e.g., alcohol consumption and physical activity). 28 In regards to sex differences, women have a larger proportion of proximal tumors compared to men. Further, proximal tumors are more likely to have epigenetic changes compared to distal or rectal tumors, suggesting that a hormonal component might be etiologically relevant in these tumors. 23 Estradiol has also been associated with epigenetic changes in carcinogenesis, 29 and hence increasing parity and gravidity would result in lower lifetime estradiol exposure. Slattery et al. demonstrated that colorectal cancer cases who were MSI-high were more likely to be nulligravid (16.4%) compared to controls (8.3%) or MSI-stable or -low (7.6%). 30 In our study, we were not able to fully confirm these results; we detected that 6.5% of MSI-high cases were nulligravid compared to 8.4% of MSI-stable/low cases and 7% of controls. We were able to demonstrate an increased risk of MSI-High tumors among nulliparous or nulligravid women, but these results were not statistically significant. Further studies should attempt to replicate these findings.
Our analysis was limited in several ways. First, there were only 188 rectal cancer detected during the study, limiting the statistical power in the study. Our sample, though, reflects the overall distribution of colorectal cancer in the US population. 31 Larger studies might be able to detect statistically significant associations between parity and gravidity and rectal cancer. There is the possibility of recall bias, but as our main measures of association were reproductive events, which are highly recalled by mothers. 32 Cases and controls were asked to report on a variety of screening mechanisms. We report in this analysis the combination of either a sigmoidoscopy or colonoscopy, which are the most common efficacious screening tests. The large size of the study, its population-based design, and standardized assessment lend confidence to our findings.
Changes in reproductive events might have long-term impact on colorectal cancer rates.
The prevalence of nulligravid and nulliparous women is changing within the US as more women choose to not to have children. In a recent US cohort study, the prevalence of nulliparity has increased from 18 to 34% from 1975 to 1995. 33 This changing demographic of childbearing has already impacted breast cancer incidence. 34 Prior investigations of reproductive factors and colorectal cancer might consider reanalyzing their data to determine if these findings with gravidity and parity are consistent across other populations, in particular with respect to MSI status. 
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